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CHAPTER 2
APPLYI NG VE

Criteria

| f not used effectively, know edge of VE techniques in itself is of little
value. Like any profitable program or business, the successful VE programis
based on an adequate return on investment. Normally a product line is selected
on the basis of anticipated contribution to profit. Simlarly the selection
of VE projects should be based on the potential yield fromthe tine, talent,
and cost which will be invested. The selection procedure should rank possible
projects in order of potential return and probability of inplenentation. This
enabl es the manager to determne which projects are likely to be the best
| nvest ment .

VE has been proved effective in environments such as the engineering
| aboratory, test facilities, procurenent operations, construction Projects,

manufacturing facilities, and i nt enance depots. It has been applied to a
br oad s¥mﬂmum of items, procedures, systems, and equipnent. The range con-
tinues to expand.

A VE programincludes a planned and organi zed set of specific tasks that
support (or apply the VE discipline to) all major cost elenents of an organiza-
tion. Well-defined procedures |ead practitioners through the essential steps
of the process, and the execution of these steps generally involves the partici-
pation and coordination of personnel with diverse backgrounds.

VE is directed toward anal yzing the functions of an item In this respect,
it differs fromnost other cost reduction techniques. Some other techniques
may reduce inherent quality by cheapening the product to reduce cost. The VE
technique starts with a determnation of the required function and then seeks
| oner cost alternatives to achieve that essential function. The objective is
to identify and elimnate unnecessary cost w thout |loss in needed quality or
reliability.

Functional analysis develops a “statement of function” for each part or
el ement of the item being analyzed. Such functions are classified as basic
and secondary. A basic function is one that cannot be elimnated w thout
degradi ng the useful ness of the end item A secondary function is not essen-
tial to operate the itemin its intended application but is a consequence of
the selected design solution. Limting secondary functions and mninizing the
cost of basic functions results in an itemof “best value” which is consistent
with all performance, reliability, quality, maintainability, |ogistics support,
and safety requirenents. The term “best value” refers to the best relat|onsh|p
between worth and cost. In other words, a “best value” is represented by an
itemthat reliably performs the required basic function at an appointed tine
and place and which has the |owest total cost.

The VIl-programin the DoD includes activities which do not necessarily
use the function analysis technique. For exanple, activities organized to
support the DoD Conponent Breakout, Conpetition, and Spares Mnagenent initia-
tives may not utilize all of the elements of the VE job plan as explained |ater
in this Handbook. Simlarly a rewardable VECP is one that conplies with the
ternms of the specific contract and applicable acquisition regulations. An
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accept abl e VECP does not have to be the result of a VE study. Although pur-
poseful application of VE nmethodology Is the greatest source of VECP savings
benefits, on occasion, serendipity may al so produce a rewardabl e contract D
change with little or no engi neering content. L

.....

Early vs Later VE

The life cycle of a systemor equipnment begins with the determnation
that an operational deficiency exists or a newmlitary capability is needed.
+ Figure I1-1 illustrates a conmon situation in which the savings potentia
decreases as the program ages. FEarly VE tends to produce greater savings
or “cost avoidance” for two reasons. First, nore units are affected by the
savings actions. Second, earlier changes lower inplenentation costs such as
testing, nodifications to production lines, retooling expenses, and changes
to operational support elenents (e.g., spares, manuals, nmintenance facilities,
etc.). VE should be acconplished as early as possible.

However, VE late in a programis precluded only in those rare instances
where the cost of the VE effort and subsequent inplenentation would be-greater
than the savings potential. \ile later VE normally adds inplenmentation costs
and may affect smaller quantities, such deterrents can be nmore than offset by
i nproved performance through advances in technol ogy, additional available
resources, nore tine, etc. There are always sonme opportunities which offer
net savings at any stage of a program For instance, one contractor activity
reports that it was advised that it was probably too late in one program to
submt VECPs. Nevertheless the group persisted and submtted VECPs for an
additional three years. O the 22 VECPs submtted since the purported
cutoff, 12 were inplenented.

Qpportunities for certain types of proposals are frequently enhanced |ater
inthe life cycle. For instance, deletion of quality assurance testing often
canot be proposed until considerable experience is acquired and data gathered
to prove that it is not harnful. In another case, managenent reports required
to understand the conplex situation early in a programmy turn out to be
unnecessary during |ater phases of the program

The VE opportunity may be extended because the product |ife and total
requirements are not known. Many itens of defense material will be reprocured
indefinitely. There is no way to estimate the total quantity that will be
purchased. Exanmples are: clothing, amunition, fire extinguishers, tires,
etc. Many itens, which entered the defense inventory in the past, were never
val ue engineered. These itens often benefit froma VE effort to the same
extent as previously val ue-engi neered products. The potential for VE savings
on these items is great. Advances in technology or changes in user require-
ments provide a basis for potential savings greater than the cost of the study
and subsequent inplenentation.

Thus, VE may be applied at any point in the life cycle of an itemor system
where it is profitable to do so. Selection of the nost appropriate tine is
i nfluenced by many factors. Two of the nost inportant are the magnitude of the
savi ngs likely from the effort and the ease or difficulty with which VE nay be
applied. VE in early stages is characterized by benefits which are difficult
to neasure. Often resulting “cost avoidances? are sinply approximted. Later

VE results in “before and after” exanples whose savings may be forecast wth
greater accuracy.
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Program Life Cycle

1. Concept Exploration Phase S
The purpose of the concept exploration phase is to devel op requirenments
and feasible concepts and define future operational and support requirenents.
Val ue i nprovenment generated early in the life cycle produces benefits which
may | ast throughout the life of the itemor system The engineering conpetence
of VE personnel is of special inportance in this phase. Analysis and decisions
" nust often be made before the conplete picture is available. The goal of |ow
total cost (rather than just |ow acquisition cost) enphasizes the need for a
VE organi zation conpetent in related acquisition, technical, and |ogistics
fields. The VE effort in this phase furnishes gui dance needed to assure the
most econom cal early program and design decisions. Use of the VE program
requi rement clause is nost useful in the early phases before full-scale
engi neering devel opnment (FSED) when there is no baseline fromwhich to
propose changes.

2. Demonstration and Validation Phase

The objective of the denmonstration and validation phase is to ensure that
the nost prom sing system design concept(s) wll be selected for FSED. During
the validation phase, the contractors and Governnent can evaluate the system
design concept(s) in terms of cost and val ue of operations, naintenance, test,
and supply support functions. Significant inprovenents in total cost can be
achi eved through the performance of VE during this phase.

3. FSED Phase

The objective of this phase is to reaffirmthe m ssion need and program
obj ectives, conplete the engineering design and ensure that system perfornmance
has been satisfactorily tested. VE can be used to analyze the essential
requirements, military and technical characteristics, and the design tasks
to devel op possible alternatives offering inproved value. Conparisons during
this phase require special skills to validate the projected econom c benefits.
Evaluating initial prototypes, design layouts, and other details during the *
devel opnent phase nay provide additional opportunities to inprove val ue.
Efforts in this phase are directed toward eval uati ons and recomendati ons
concerning function, cost, and worth of specifications, systens, nodules,
assenblies, parts, and conponents. By defining value in neasurable terns,

VE can produce a functional cost analysis to inprove visibility of the costs
directly related to detailed requirements. This capability is nost useful in
supporting design to cost producibility engineering and planning, and other
simlar prograns. VE is also used to support engineering activities such as
design reviews, test planning and evaluation, |ife cycle cost analysis, etc.

4. Production Phase
During the production phase, VE can be applied to eval uate manufacturing

processes, methods, and naterials. Equally applicable are support and test

equi pment, supply, “transportation and handling, technical data, facilities,
mai nt enance, and training.
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5. Qperations Phase

Oanership cost is affected by operating, naintenance, and other |ogistics
Costs . Reducing ownership costs (in excess of any attendant increase in
acqui sition cost) results in a lower total cost. Large potential savings often
justify the investnent for the VE study and subsequent inplenmentation expenses
during the operational phase. Studies during this phase offer an opportunity
to make changes to incorporate new technology or to exploit mssion or require-
ments changes. Sonetines new alternatives are a better choice than the item
currently in the supply system

Studies during the operational phase by contractors and DoD personnel have
resulted in:

© Extension of itemlife by the application of new
state-of-the-art designs, materials, or processes.

©  Reduced repair costs by achieving the repair function
in a nore econom cal reaner.

°© Reduction of packaging costs by inprovements in packaging
procedures or materials.

0 Elimnation of itens.

Figure 11-2 summarizes the VE opportunities throughout the [ife cycle of a
typi cal major program
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Activity description

Clear definition of
mssion with stated
function(s) or
objectives in specific
terms.

Revi ew of m ssion
requirenent in terms
of required perfor-
mance. Review of
exi sting system
proposed systens
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in the state of

the art.
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Prepare system
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Figure Il1-2 (Continued)
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Activity description

System requi rement

review (perfornance
cost/val ue, design

data, etc.)

System desi gn review.

Techni cal eval uation
and system engi neering
synthesis.  Design
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Subsystem equi pnent
and conponent desi gn,
and cost/val ue trade-
off within functional/
performance specifica-
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operations/main-

t enance equi pment

and facilities,

Conduct VE studies
on nmanufacturing
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Conduct critical
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operations and

mai nt enance equi p-
ment and facilities.

Equi prent and com
ponent reviewto
further reduce cost
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| i shed performance
characteristics.




Project Selection

Al t hough the previous discussion focused on the VE opportunity throughout
the life cycle of a typical hardware system VE is not limted to hardware.
Ot her possible VE opportunities within the defense environment include: mater-
ials, organizational functions, software, construction, technical data, etc.
Al most anything within the assigned responsibility of an activity is a possible
opportunity. In the early stages of a VE program sophisticated project
selection criteria are not usually needed. Frequently there are nunerous
areas for which the need for VE is obvious and which offer a substantial return
on investnent.

Those involved in beginning a new VE programor revitalizing a dormant one
shoul d sel ect early projects that are nobst susceptible to VE. Initial projects
shoul d be selected that:

© Involve an anple dollar expenditure.

O Merit attention for reasons other than cost (i.e., deficiencies

in performance, reliability, etc.).
Are of interest to system or executive managenent.

As the VE program matures and the opportunities become |ess obvious,
additional criteria my be used to sel ect subsequent tasks. Cuidelines for
each specific possibility are far too nunerous to be included in this Handbook.
However, sone additional characteristics usually exhibited by worthwhile
candi dates are:

°© No known deterrents such as exorbitant test costs or inplenentation
schedul e requirenents.

°© A product with excessive conplexity.
© A design that utilizes the nost advanced technol ogy.
An accel erated devel opnent program

0  An itemwhich field use indicates is deficient in sonme characteristics
such as excessive failure rate or extravagant operating cost.

°© An itemutilizing ol der technologies for which nodernization appears
very prom sing.

Note that one of the attributes of VEis its ability to reveal to the rig-
orous user of the nethodol ogy cost inprovenent opportunities that m ght other-
wi se have renained invisible.

VE Job Pl an”

For those interested in a nore detailed discussion of the VE job plan,
pl ease refer to-Chapters V and VI of this Handbook. The VE job plan may be
sumarized as a systenmatic, step-by-step application of the general problem
sol ving method: identify problem solve problem inplenment solution. Al though
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there is no single best procedure, there are numerous ways in which VE tech-

ni ques and practices can be suppl emented, augnented, and adapted to conform
to specific needs. Integrating these techniques and practices into a sequen-
tial procedure which is consistently productive is the core of the VE disci-
pline. \Wile the nunber of steps may vary, all job plans are characterized by
an orderly progression through phases that include activities such as orienta-
tion, information, speculation, analysis, developnent and inplenmentation, or
something simlar.

In the orientation phase, the project is selected and those who are going
to work the problemare famliarized with it. Projects may be sel ected because
they represent the greatest potential for savings or are characterized as a
hi gh-dol ar (valuable) itemor are needed in large quantities and therefore
represent a considerable expense. Oten projects are selected for reasons
other than just savings potential or high cost.

The information gathering phase of the job plan includes researching the
product selected to determne cost, function, and worth. The objectives of
this research are: (1) to develop a thorough understanding of the item under
study, and (2) to identify the specific value problem by including a functional
analysis of the item acconpanied by an estimate of the worth of each required *
function. Potential sources of factual information are draw ngs, manuals,
specifications, cost and price information, work statenents, and personal
i nterviews.

During the specul ati on phase, creative-thinking techniques are used to
devel op alternative approaches that will acconplish the required functions.
Such techniques nay be either organized, forced, or free. Criticism of
potential solutions nust not be permtted, nor should alternatives be
anal yzed in this phase. A large nunber of alternatives is desirable. Oten
organi zed creativity sessions set goals of 75, 100, or even 200 fresh ideas
in order to assure an adequate nunber.

Al'l alternatives generated during the speculation phase are eval uated
during the analysis phase against the functional criteria as well as exam ned
for technical feasibility and cost. The alternatives are ranked. None are
discarded. The nost promsing alternatives are selected for detailed eval ua-
tion and developnment. If none of those originally selected offer an acceptable
solution, another set is selected and developed. The process is repeated unti
a solution is found.

In the devel opment phase, final reconmendations are devel oped fromthe
alternatives selected during the analysis phase. Detailed technical and
econom c testing is conducted and the probability of successful inplementation
i s assessed. The alternatives nust be investigated in sufficient depth to
permt the devel opnment of specific recommendations including an inplenmentation
plan. This must include making sure that the user’s needs are satisfied; that
the design is technically adequate; and that cost estimates, inplenentation
expenses, and schedules are accurately estimated. Sound cost estimating is
crucial when evaluating VE alternatives. It requires accurate information,
expert judgnments on cost allocations, and the inclusion of all Pertinent cost
el ements in the analysis. At the conclusion of this phase, one or nore alter-
natives shoul d be recommended for inplenentation and an inplementation schedul e
yi el ding the greatest overall benefit should be constructed.
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The presentation pbase is actually presenting the best alternative
(or alternatives) to those who have the authority to inplenent the nronosed
solutions that are acceptable. It includes preparing a formal VECP or value
engi neering proposal (VEP) that contains the information needed to reach a
deci sion and i npl ement the proposal.

During the inplenentation and followup phase, management nust assure that
approved reconmendations are converted into actions. Until this is done,
savings to offset the cost of the study will not be realized. Some degree of
i nvestnment is usually required if a VE opportunity is to becone a reality.
Funds for inplementation nust be provided to support the actions necessary to
capture the savings opportunity. |nplenmentation progress’ nust be nonitored
just as systematically as proposal developnent. It is the responsibility of
managenent to ensure that inplenentation is actually achieved. Often the VE
focal point or program manager is responsible for nmonitoring mlestone achieve-
ment in the inplenmentation plan.

A VE project is not conpleted with inplenmentation of an idea. Full
benefit is not derived froma proposal until the followup is conpleted.
Q her applications of the proposal and actual results need to be established.
Successful VE actions nust be entered into the DoD VE data base and cost
savi ngs and ot her benefits reported through command channels. Until then,
the records on a project cannot be cl osed.

A conplete VE eval uation should answer the follow ng questions:

A. Oientation:

-What 1s to be studied?

B. Information Gathering:

-What is 1t?

-What does it do?
-What does it cost?
-What is it worth?

C. Specul ati on:

-What else will do the job?

D. Analysis:

-What do the alternatives cost?
-Which is |east expensive?

E.  Devel opnent:

-W Il the proposed alternative work?

-Will the proposed alternative neet requirenents?
-What W || the proposed alternative require?
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F. Presentation:

-What 1s recommended?
Pl -What are the alternatives?
ca -What will it cost?
-How much will it save?
-What is inplenentation schedul e?

G Inplenmentation

-Has the proposal been approved, whole or in part, together with
f undi ng?

-Who is responsible for inplenmentation?

-\What actions have to be taken?

-Have conpl etion dates been established?

-Have requirements for progress reporting been established?

H  Fol | ow Up:

-Did the idea work?

-Did it save noney?

-Wul d you do it again?

-Could it benefit others?

-Has it been forwarded properly?

-Has it had proper publicity?

-Shoul d any awards be nade?

-Has it been listed in the VE-trieval or VE Data Information Storage
and Retrieval System (VEDISARS) data bases?

-Has it been included in DoD VE savings reports?

Suma ry

The choice of techniques varies with the phase of the life cycle and the
situation in which the VE study is initiated. Between the conceptual and
operational phases of a product, the available tine, talent, and factors to
be considered change. Although VE studies conducted in the conceptual and
val i dation phases may offer a maxi mum opportunity for value inprovenent,
potential dollar savings are often difficult to validate since there is
generally no cost base wth which to conpare cost inprovenents. VE may be
profitably enployed early in the |ife cycle to challenge basic requirenments
and analyze prelimnary designs. Also, functional trade-offs, systenms analysis,
and operations research techniques play a greater role than in |ater VE.
Cost-estimating techniques also differ significantly since sone details of the
design may have to be assuned. As a product progresses along its life cycle,
the VE met hodol ogy nust be adapted to conformto the situation and the avail -
able data. Something value engineered in the conceptual phase may offer
addi tional opportunities later. This is particularly true if the applicable
technology is rapidly changing, or if original devel opment schedules did not
include tine for an adequate effort. Excellent opportunities exist to exam ne
design requirements, devel opnent tests, operational tests, quality-assurance
programs, and packagi ng requirenents during the production phase. VE acconp-
| i shed in the operational phase offers nany opportunities for inprovenent in
repair, packaging, and state-of-the-art materials, and process changes.

Qpportunities also exist in the operational phase for itens which have never
been reviewed or nodernized.
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Initially, VE projects may be selected on the basis of dollar vol une,
conpl exity, and degree of managenent support. Later, as projects with signifi-
cant potential become |ess obvious, selection may be based on such additional
factors as test costs, state of the art, degree of devel opment, tine conpres- e
sion, and field-problem reports. The VE job plan is the framework upon which a s
successful effort is built. Wien utilized properly, it assures a systenatic
approach to the identification and capture of a value opportunity. It provides
for a thorough understanding of the subject including a quantitative identifica-
tion of the nature and worth of the functional requirements. Uninhibited creative
.effort then nmay suggest alternative approaches to achieve all functions needed
by the user. This is followed by a series of evaluations to select, devel op,
and inplenent the alternative offering the best opportunity for value inprove-
ment. No project is conplete until proposals are inplenented, results tallied,
and new knowl edge exploited as fully as possible.
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